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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To achieve a proper static 
electricity discharge (ESD) protection for various kinds 
of integrated circuits with a simple circuit configuration. 
SOLUTION: A static electricity discharge (ESD) circuit 
12 provides a strong protection for an input/output 
driver circuit 10. A discharge path is provided by a 
parasitic bipolar transistor 202. The parasitic bipolar 
device is triggered by the combination of a MOSFET 204 
and a series of diodes 200. The trigger point of the 
MOSFET can be programmed by changing the number of 
diodes in a series of diodes above. 
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m 1 O^fe Jtf^Oii 1 ? 1 &fiB*.HirlE* 1 coSSmiM 
H^fiM-ft-IB*tf5^3j--H (20 0), 
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v^^»ISl««SS«atiasi»1KIS«E*r5Eft, IS 
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3Utf)*8fl8«, M2^t^l. fcitffllWItSSrfll 
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COO 1 0) 
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-T4o 

[00 19] <ESDfi> 

<VDDt3B8LTIEOS:EA^>^^*B'&. ^^^rlE^) 

WEw^u#flsasvD Dt3^ur i /oa° 7 k i 4tcep 



(6) 
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««Vs s±C0«E(4±#Ufcrt. ^>f#-H2 
6Srl«*^^r^4. ESDER12. ISVs 
s. &£t/y«<X-V2 6l&%tLlz£->X I/OA'-y K 

[00 20] <Vs slzmLXsE<7)9£.Ajl>Z<Wgi 
■£\ ^:#i:IE^«EK;^«asv s s izmLX I /o 

^jmJEiiE SD0B1 2**1 /OA° 7 K 1 4*^4>V s s 

1 2(4*tlfc:J:oT I/Ov^y K 1 4^)^tfiVs s'V 

[00 2 1 ] <VDD^LTft^A*mJE>-CO^ 
■£\ ^t^tff 1/^1J±K^ V D D l:^ IT 

i/o^'y h i Aizmuztih. z<D±%%%<nmm$ 

^>f tf- K 3 4 ^HI^AW TX L^O^fls^ 7 >-7°2 

4 *««asv s s &«asv D D -S «fc 0 fcrT S o 

rt- K 3 4 7>724 ««iEV DD^ 

£> I/CV^y K 1 A^Wt&^mSith. BU»«0J: 
5|ft^7y72 4ii: I /O K^-f^EKl 4 

3 2£:frLTflKBVDDa>£ I/0;\> K 1 4^v 
^2^* £<7>SS2<7)*a^fc:l4. MiS 

ERf<7)Sfi (4fc«S|E*^^>'r2 4)- iiVDDSrVs 
s Izm-SLfr-o&mWz h7^#3 2^S0fflI«Sitc 

s . h7»'x^3 2 «%(cm* ^^r^?n 
4^h«gE$-gs-ro 

[00 22] <Vs sfcWLTft^tEEA;fc>£<^» 

*&*flO«E*<1K«V s s fcWLT I /CV^y K 
1 AlzWrnZtlb. Zcom^. ^M^-K3 4MHI^^ 
AWT^^ix. ISVs sfrh IXO^ v V 1 4^x 
^l/^ytVhfS. 1IVssHI/OA 
7b'l 4M:b7yy^^3 2^^>LT^2^0S/^y 

3 2mmmm~m2c^m&w^(^m^tm^^u r 

*$tl. tSVs s*>t I/O;*"/ K 1 4^fcHSEg» 
Hi l:^^Tj|^ i d tc. ISVssij 

[ 0 0 2 3 ] 112(4. 121 1 K^StlS E SD0K1 2<7) 
EBB***. -a&<011J»J«iaStLfc^>f K 2 0 
OcOlglcoSB^fcil/S^n p nA^-^ h?^^ 
^20 2<om 1 ^«8SE«ffiO#/7{i I / Oa°7 KMC 

sasnT^s. -a#<?D^jr-K2ooo*2^« 

flipIMOSFETh7yy^^2 0 4^1^tS 
-K(7)o^D2 0 0l4 5fflc7)^^-K^-&-0. h5 



yy^^2 0 2 tfOSg 2 ^«8S-Effi±3 J: T/S'J!Wffl:figii: . * 
ivftu fltiBV s sKi&il/'h^ yi^? 2 0 4^2 
<50«i6€ffi tl* a $ ilT ^ 6 . h7>'y,Xf 2 04 sofii"] 
W«ffii4:?V K 2 0 6 <0S? 1 ^SrC^j i V 
DD£j£-&S3ftTV*S 0 ^M^-K2 0 6^m2^S^- 
Uh5yy^ 2 0 4^x;UC;g-££ixT^&* 
[0024 ] KcooSr** 0 2 0 OK felt & -IB* 

^"-f KMi-Hub** I /(V^y 1- 1 4 fc^tt-r&ffi 
El^U**. «B\ (5*0. 5 ) tfjUht VU-i y & 
JPifct^tiBifei: S^mSSSrar J: 5 KSa$ftT 

2 o^St»»«*^fll«S il^CTStl^** 
* ( b o d y ) £ffiBS;h/0^. ftfflMKU:, 2ow 
n p 1*1 KEB S ixT ^ h . H t i 14R 

#^S«Eg!<0ffi«j[ i A«BS^ra^fSJS £ ^ T s 

[00 2 5] £/ l J=3>^y-f Vy^l/-? ( SO I ) (4 
fr^c7)SWT*0. KiS»tz*5^TU. ^#*ei2BKt 

immm±tzm^tih. i&&m*<nx p^swt-t 

14 . Ml *'«SStt*&^ 3 >' ? ^ h (4 h7 > v ; x ^ 9 0 2 

[002 6] ESD0B1 2<rmm±2^<mffite9 
(DiflMl(ESD)-fi, io4 

1/(2) nm*)*-;^ hu* < e o s ) mm. izm l 

TffiEWfclfcHjjfa ^ ^ 4 . HRfc:. E s Dflift 
t4EO SV^J; 0®< A*oASWfc:t«M»Ill»3&*te1BS 

[002 7] <ESDW&>mi£.IS6LXSPMLtz£o 
iz, ESDM1 2(42o^i^rtCESD^H^}SfS-r 
fe. ( 1 ) VDDt:BBLTiEfiOA*«E, *3 
it/" ( 2 ) Vs stcB8LTIEOA*«E^«'&T*)So 
S51^«-&W4. h7V^?204liI/O^7 Kl 
4<?)tE#, {5i3f. (5*0. 5) ^Yth^y'J7. 
9 2 0 4C0L^^mM!±^^J^1]\\z.fz t<7)S:Si-S« 
^:b7yy^^2 0 2 LT h 'J AlSJft^ 
M„ ^-iOS^HfitC. h^y5y^^2 0 2i4I/O^ e 
7K14^ttSVss/vhtSey-v>'btl> c ^ 
^--H2 6 (01 ) UmiEVDD^EKgKSr^liStS 
^:i>o »2^0*&W4. h5y^#204J4afcI/ 
0^"-y K 1 4^mE^\ (4(4'\ (5*0. 5) tfjUbt 
hy>zsx?2 0 4c7)U#v^ffiffiE^;Ufc S:Joi.^t 

fla*L»ft4. -e<ojsB*ra«fc. h5^?2 0 2tt 

[0 0 28] <EOS»i>EOSffO»ESDlD 
Kl 20ttffJ4ESD**CCt3*t6-e^SllfPi:l«l«T'fe 
4. ^<7)*|-&. h5yy^^204HI/O^7h'14 
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<7)mi±fi\ (3&\ (5*0. 5 ) frOU- h b h vV'J^J 
2 0 4tf0L#Wfl^JEl/^;ui : h7Vy^f 2 0 4 COffifJ 
pmffi^E (VDD) t ^Sni^^o^®^^±i-^tc 

[0 0 29]^*- Ktf>o2rA<9 2 0 0 fcfc«-&flll* 
- H ^3&(i: VDD <?)ft/jN<9!t§ S *l 6 ttiE K 
I /OA' 7 K 1 4±<7)&±<0^m%m%.$fi£zAJ) 

m& t cor^m* h «■* mff wvxmn 

(4. ^ive'fu VDD&XVXXWEW&famiOi*! 
0%(£<^l 0%^v\ K^B$/i)t5ISBB®Tii, v 
DD(4 3. S^Uh-C^O^fi^l^SSixSA^ll: 
E(45. 0*7UbT£>&. 5{ffl^-f*-K 

(5. 5-3. 0)/(0. 5) jWM0?3*lfc. 

[0 0 30] E S D[US§ 1 2C0Sg2<7)Htft®SSrii:. ^ 
>f5j--H2 0 6tt«B&?ii&. b^V^X^ 
2 0 4 im^MMte X TF&kfflSS. pnpS^ U 5 h 

y'X^2 0 4^>7yyX^202 ^» LSSSWfcrSSg 

JS>JOHJ8»JBTJi. ^ *- H 2 0 6{iffiifE*fciiit* 
[ 0 0 3 1 ] M£ Lv^HJffcJBffiTii. b 7^yx; 2 0 

-^TSSiSSfts. l rfL^2o<?on^^x;u^l^D f J:^/ , 

^2^tSti^Mtl), Pl^y^^h^2^n 
n^hmi. (tiled). ifc. P^S«5*m 

svss KfflMiwfci fctiaiowts^-r s - 1 amm 

SUTiEBStLi^STJi^r^. £i£WU4\ hUtf 
«8EtcJ:ortB*S*i&S«y 7 ( s u b s t r 
atelifting effect) OfiSfobktL&Z 
blZtch. 

[0 0 3 2] 03 01C*$<XSiSffiflE7'Dy*2 
0<7)[ElS8l*I£^f * iHE7"n 7 ^20iipiMOSF 
ETh7^^ 3 0 2ioJ;l/'nlMOSFETh7y 
y^ 3 04 3&»i5>*ftesy- h 3 0 0 -tflgflcTlfiJS 
h^y^'X^3 0 2 OftHWSffiti I/OA-y K 

»4«iRVDDlCigggSilTV^S. h^y^.X^3 0 2io 
it/ 3 0 4<^WlOl|t8EIIMfitt«-9- rru H5^a'A* 
Aj h 5>^*? 3 0 2*>J:l/ f 3 0 4*9812 

^4. h5>y'X^3 0 2<n*W&h&tzYy>*sA? 



1 6<7)^xMcJ£gSS;ft-T^4. 

[0033 ] Mfflcfe^Tti. fcmy- h 3 0 OCfctt 
4nI81liI/0^7 H 1 4*^^0B8 
W^k&imZtihmEEi (3. 3-Vtn)»h 
OMEBU .1 Vt nlih7y^^3 0 4<OL# 
V vflHET-^ 4 o h 5 ? 3 0 2 (4 V D D ic^ L t > 

[0034] 1114(4. mi ^$fL4y-h^>r2s 

coaSSH^^-To y-Ktfyr28lipSMOSFET 
h7>^^4 0 0%ffiz.X^Z>. h7^?4 0 0 

<so» i <so«8S«:ffi . s 2 co«8£«a . n ct unwise 

(4. ^^iv h^VSy'x? 1 6<7)i6iJffllSffi, I /OA 
>y K14. *>J:t>'«agVDDK:!g-&§ixTV^&. h5>- 
y^4 0 OCO^SPt^fch^^^^ 1 b^X/U 

[0035 ] EI5t±. Ell (C5K$fL^^X7U,tryr3 0 
£>[SB[2]£3jr$\ »)x;^yr3 0li2o<?)piMOS 
FET50 0 &<fcl>* 5 02 SriiS^T V"*4 c h7^y^ 

5 o ocom i stilts. m2<r>mmmm. textmm 

m@(4. ZtlZ'tl* SiSVDDtC, h7>y.7,f 16^7) 

h7yy^^502 coi^ i <nmf\MM. m 2 comsm 

^x;KC. I/OA7F141:, ±5iI>'«?SVDD^fa 
-^•^iXTl^o h7yy7^5 0 0^J;l/'5 0 2^*ft 

[003 6 ] f6mc43V^T(i. b7>'y^^5 0 0fcj; 
0 2(4 I/CV^y K 1 4 ±t,Z&&t Z>Q]±l"<iUrf 
mMVDDZMt?zb£t,Zb7>> : ^? 1 6co^x;L -Sr 
iBEB-fS. I/OA'-yHHlCMntEk 
<;U3&%A^«aRVDDSrS@i3tt b5yyX^ 5 

0 2(4h^>^^l 6^ T >x;^tg 7 v-t4fl:El-' / <vU' 
S:3SI»r#SJ;'5(C"rs. ^^0igB&(4 h y vis 7^9 1 6 
CO K U>f y KamfrftA-'f T^tc=ir 4 i h SrK 

iSt3. I/O^N^y F 1 4±iC#ft-rS«EU^ 
;U^VDD^7t(4Vs stcMoJtfcS. h7>y^^5 

[0037] ^^Mtm^mmmizmLxtm^ti 

o -fe x a «HMJBS^*fE B fl ^ ^ ^ 4 - 1 ¥X # 
h^Xhh* 
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[00 3S] 

l^nco^} £Xt<Z)£olz. #5§ B JlKJ:*Ui\ m&<7) 

mmz *j v w« tttfrr * »«stfiw«HEiB £ sea 

[02 } HlK^3<xSESDHI»*?MESlig»0T'* 
4. 

[03 3 01^S*tSiS*Ern'y*t?D«^ilHlKI2IT' 

*. 

[05 3 01(3^$tLS'!7x;^>'7 o ^«fi\lHlK0T , *> 
[ft-^BWHJ 



1 0 A^J/*^ (I/O) Yy-i J*m& 
12 E S D m% 

1 4 A^/*^ (I/O) y*-y K 

1 6 piMOSFETh7>'y^^ 
IS, 2 2 niiV10SFETh7>'y7^ 

2 0 S^E^u-y^ 
2 4 mW7 7>7* 

2 6, 3 4 ^M^-F 

2 8 y-h^yr 

3 0 ^Xit/^y^ 8 

3 2 n P nWMtf-y YyVis^S 
2 00 -RSc0iayiJ*aStl7t^*-K 
2 0 2 n p nlAM rfc— h7^^ 
2 04 piMOSFETh7yy/;^ 

2 0 6 H 

302, 4 00, 500. 5 02 pSMOSFETh 

3 04 nlMOSFETb^y^^ 



[013 



[04 ] 




h5 >i>7,? 



h7>W U b J 

I 400 

I/O'*? K 
26 14^ ■ 



DD 



[02] 



[033 



I/0/<v Kl 4- 



-200 



— c>i — — t>i — ot — ^^ p^^ — 

VV SS 



l 6 o *> * 
14^ i° 
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[05] 



1 sobx-fr^ 
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1 4^ 
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d9) am&i^ni&igtKR) 

(12) S^H^515S(A) 



(51) Int. CI. 6 
H01L 27/06 




(11) SJHSS ^1998-071441 
(43) SJHiilr 1998t310a26^ 


(2D m^&^ 

(22) MHIf 


^1998-004876 
1998^02^18^ 




(30) ^£31^S 

\ / 1 ) 1= c_: »_! 


8/801 ,874 1997^0211 18S 
cp^SPI- ot =1 ?HI 01 Fl c 

,3_ X. _n v— r i ! —i— IDC en | i — 1 — 


□ l^(US) 

u| All E HI oi ~1 2.1- Al 01- 


(72) »g» 


01^. a £11= 01 60196, Atg 

^□i^ x-Haoi mi. 


bHU. OI^M ^5^! 1303 


(74) CH£iei 


□ 1^, mM± 78739, 


, 2^2 £ 11813 








(54) 12^1 efg 


an 





ws(esd) u^d2)^ Qmmm =?mi\ sismojoii q\o\w esi n\ ^ma. ^2 

b 2>^£ M £HX|^ El (202)011 £|SH HISSCK ^i^ ^Xh^r M0SFET(204) ^ S S °J QOIE 

E(200) £1J0|| °I6H MSI^aCK M0SFETSI MBIX £°JS^ SJ^°i P0I2ES0II £10UH D0I2 



g^/x/ 

E 1S B »S0il ltt£|- S^/g^ ^§31 SISSI ?SE. 

E 2^ E 1011 EAI3 ESQ SI SSI SJSE. 

E 3£r E 1011 EAIS Xh&^IS| SJSE. 

E 4^ E 1011 E AO 311 01 ^ g^°J Ij^E. 

E 5^ E 1011 EAI 9 SJ g^SJ USE. 

* ESHJ ¥^011 CH§! ¥12] * 

10 : °m/mm =?mi\ SIS 12 ; §2^1 sJ^ 

14 ; gJ^/#^ HHE 20 ; Z\&J\ 

24 ; gi£H 28 ; IHIOIM §E 

30 ; a gH 

mssi 

St SO/ ^of±r J/& 91 J gOt°f BEHDim 

B SX^ a ^ Oil 2^ ^Sl SJSg §331 SI SIS CHI ^g! SOICk 

XII £1201! 2JOIAH, S23I as(electrostatic discharge protection ; ESD) SIS°J A^gs g 
XISCH 24 Q. ESD SIS^ S *j aj£^| °<#o| Ah°-Xil£ xH £1 e£101l S23I0II £| 6H Alalia XI 

SMI 8FXI°!, ti JEx1l £12 011 2*10] AH gXH SI 0||^:>f^°l ^Ail^r gXIS ESD Si^HJ 

am SICK 

CHIUl^^(epi) D\^9] Afg^ ^SfM ^E^l(MOS) 2 31 JaUf M XI ^ El ( FET ) ^ 

312 31 ^sie(TFO) 4iX^^ ^X^ ^§6fXI ^31 t!Cf. AfgOil SiCHAH^, HIES^I 31 

e8 BF^^aKK na-i^ 3ie^ shxi-s°i m^mxi ^^ss ^^ai^jd. shxi-s §21011. ¥ 

^31 M0SFET Oil E16H ^ 31^ ot^^ M^lXI^Ei^ HI E^ f HI ^^§1D. EIE^ <PH0|| 
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HI 1 ±X\9\ tHIOi^b SE& HI 2 £Xf2j SiaiEl^ SO. ^og_ H | 2 £X>2| 

0|^ HI 1 ±I\2\ H^\E\ll SCK OIS gf SIHXI^EHm 2 EH OH, CHifSI SH^ ¥ 
AFOI01I ° I! ¥ . 22^^ ¥ S2iX|>:EH2] BXlg E±Xh01i &]IH£I^ 3¥b ^ }|^ S£HXI^ 
EHS 2E£j>i! » 4- 91Q. H^Eiia OHHieiS 31 BE 3ie§ SX| AI3IESMH 3 011 [IT Eh m ^j^oj w 
0\± §J DS £XF2| l^'EHB SXIAI3IESMH, HIE*" gBS^H ^S&QL 

AIS H^(rho)^ S£6hE^ ^dlAfOIH ^^§1 Afg8f^ 58 SE& §Xia ESD S|S2| s^g ^ 
Al^iEL CM ^| Oil AH . BB MOSFETM SSSfe Bg2| £^2| MOSFET ESD S^S HIS6fE^ 

31^ gj^g :£XFS ^gtlCK 3 EH §h ESD ±X\^ D\>£ gJ = S S£HXI^EH2| ^^-^ H£CHI 
>PI01IAH, ^§ S ^ EH-OI 01 EH 3gJ Vt 1 VMM S^XI^EiS SoH SH^ iiSD! Al £| 

mO. 0\m, H^EH-OIOIEH S&E, Vt 1 S¥EH ^^S-^2§ SH^ S^KOII CQEK S^&a. *R 
Oil, ¥AHIi=r 2^£|OH , & = «AI ^SOll HhEf g ^ EH-OI 01 EH S&g ^miHI &a. 
^Xf^EHb Ea§ SSiEH-OIOlEi Vt2 S gOJSa. ^ElAfOlE g£| XHUE £1§ S 

aioiaaE ggj vt2g s^i vt 1 y^iss^ i h ¥ si a. n&m ^aib mosfet^i hi 1 

E^r HI 1 MOSFET S HI 2 MOSFET m SgJ- £D y§ 2 « Oil AH *3IOi3QF^£l D\l mo . 

£S. MOSFET nmOU °I6H Hlga £§b BSJ MOSFET Oil 2I6H HI S3 3XI S^l aCL 



M A #0/ 0imJ2M8ftr Jim?*! MM 

^¥ SXia ESD lllb e> ai^OII 21 3* a £HF OlIUXIS OB BIIS^S £S6h£t= SIS2I 2 

^ 3ISJ AF0I2] 3£? 5HIIHAie^01l 2j^a. oiEHel Sgg S^S fllSStfeQI HQS! Sxll^ 
S ffl^a&CK mXi°}, 01EH^[ 23 SJ^^i ^IIIHAie^^F B 01 SOII Cf O MMt\D\\ @Q. 

m§ S ^ sj^on xise smg esd sj^b sag sis 011 ^ e.^s 4^ 21a. ch^oi, & 

£xHi ^SOll °[OUH ^AHIg 6fUP^ DOIM ^Sfirr 5j °i Oil , SIS Oil XI §3 ESD SJ 

ic, sis^j ^is^5^ a^a^u sjsoii 2*8 4 si^i sq. 

ae sxia esd sis^ ^§§^ aoi2E ^suoii £i^^a. aixt^ s&^g^i£. aoisn 
mb &mm ¥«&a. ch^oi, 2^21 aoisnsi 3 mimiu aa. ^^xhi ^ssi 

EEa^ ^AHIb 2^1 ^blotDi ^£^I6MI ^eS^Cil SJSS ^ HliSf 

501a. 01 a e ^^m^ ^#011 hish si&sife ^>iioii ^sh g=^i 

aa. 



£ 1S S KSOII HI- EF oi^/m^(I/0) ^^^l SIS(10)S| ^g^! EAIgha. I/O 

^i sisdo)^ mufs ^xim3 a^i ms^(Eos) ^^m ^xi6F£^ esd sis(i2)s ±m 

mO, ESD SS(12)b E 22\ 5*^5^01 o^|0|| CH^ Ail 61 SSSCf. 

CN^IOIIAH. ESD SIS(12)¥ 3^21 Oil LH Xi M ^§6[b M^XI^EHS ME|^HSF£^ MOSFET S£H 

XI^EHS A[g6ib 5ig ^SJ6H0^°ia. SE1» 2#SJ ^1^ M^XI^EH^f OlIUXIS ^§ 

5PI Al^o^ £°JSS ^^CK ^1^ M^1XI^EH£| Ahgg ^ HI ^XF£! ^'fi^B SOH 

^a. ^Hl S^iXI^EHb 3 XHI OH 2^01 ^£^1 ^l^2^¥Ei ^ £1 £1 01 . 3CH1 dfEh XHIOH 

^\^m 5101 aa. a H J5j2i, ^x^s £&s^ 51^ s^i sis 21 xhis big^ «&s^i g^i 

Al^ja. M£HXI^EH2J HICH S = 01l SEI^H S^S 5j S ^gSffe 3tB 3fESa S| 

6H o^ia s?ib ^¥^0^ ^^shQ. §^5121, ¥ 2^ ^^^eoiiAH g§.^oii s^aa. 
mei >i seiM¥ aoi^H ^s^j2i aoi^E 4M e^^s^u ^^i&^smh soi s^i ^^n^Jt^m 

a. 5FXI2h, CH¥^2| 5Hf Oil U XI S £S6^ aO|2E ^S^JOI Of U El- ^1^ ^X^F a 

a. 1^2^, ^h^ aoisH^ £H ¥^ % z\±mo\^m oi^oi 

M 4 2ia. ESD SIS(12)b ¥ 2^ dl^ AF0|2| 9i HH A| e ^Oll 2J^mX! ^bCK asun. ESD 

sisd2)i= ssj sis, s sis, sy a»ei sh.k>ii oiga ^ aoi^EHEioii ^ti 

4 2^a. &0|^ ^O^OII ^a A^^ SIH2F D|£H2j SIS XHEI MM CHI ESD SIS (12)2] 511^1 
8JSB 4 20IQ. 

£ ie ^^a^, i/o) nH£(i4)^ i/o ^^i sisdo) s^sis 21^21 slob &x\o\\ 

a^sife 2^ Eii^e »4B&a. ^ ^aioiioii ^oiah, i/o ?s^i sisdo)fe i/o jihe(i4)^oii o ^~ 

3.3 1§I MBD. OB HA\U\m 9iO\M, I/O ^^^l SIS(10)^ I/O ?e^l SJS(10) SB S^SI 

5 2I¥2J Cff ^XFS¥EH 2^ £il^^ 4^6^^ SISB ¥ 2ta. 3EH§[ ^'A| Oil Oil SiOjAH , 

5E°} 0 3.3 8 ¥ 2iCL OB ^'AlOjlOll 2iCH AH ( a CH ¥<^l 2£ 

yi^M 52H^ ¥ 2iQ. ^BilS, I/O 7§}| SJS(10)^ 0 S¥ 3.3 MS 6JSS ¥ Si XI °! . 0 

Efe 5 §§i ¥<y^ ¥ aa. 

I/O HHE(14)^ P-EFEJ MOSFET S^iXI^EK 16)2J ZHI 1 2^ £iagl MOSFET §9 XI ^EH ( 18)2| HI 

1 2^011 S^aa. S^XI^EH(16)2| HI 2 2^ 2^ » XHI CH HI 1 S^S! VDD ^ 

22^ »EPI(20)£| BXI-OII ^ v ^l S^aa. 32^ »BP|(20)S Ul ?H2| PREDRIVER IN A, 

VDD, I/O nHH(14). S! S^iXI^EH(16)2| ^'S ¥<H^D. 32^ xF£^l(20)fe £ 33f ^^5101 g^lOil 

^saa. 

S^XI^EH (18)21 HI 2 2^ 2^ ^ XHI CH El E[°J MOSFET S^ XI ±E\ (22)2] HI 1 2# ^ 

HI 1 2^ g^^J VDDOII S^aa. S^jXI^EH(22)2j HI 2 2^ S! XHI CH 2^8 HI 2 

S^gl Vss ^ PREDRIVER IN BCHI ^ g^SCf. 

I/O ^e^l S|S(10)S SEtf VDD 21 Vss Ah 01 CHI g^S S^a Ell^ M^H(24) §a aOISE(26)B 

&a. si a eiHH(24)b s^t} s^isjs se i/o ¥e^i us(io)2i 3^ ^niAie^^h e ¥ 

2i^U. £fe ESD eeiOII VDD2F Vss AhOI Oil &2 SSM HIS 6^ SJS^F I ^ SID. DOI 
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EE(26)b vSs D\ VDD £□ 0.5 (EH SUB SEAOIE^ S^SQ. SJ£i^E^. VDD 

^ VSs SEF 3.3 MM ^CF. 3I0I M BH(28)2| Ul 2Xli= VDD. M a XI ^Ei ( 16)2| XiiCH I/O 
HHE(14). ^ M2!XI^Ei(16)2| S Oil ^ 2^£!CF. >1IOIM gH(28)£f £ 42F S>@m01 6^1 Oil 
sjCK m g^(30)2J Ail BXhfe VOO, egH XI r^Ei ( 16)2j a, §J I/O DHE(14)0il ^ 2 ^ £! □ . Si S 
H(30)£r E 52F 3*g*SK>l 6^1011 S S Qf . npn M£H XI r^Ei (32)21 XHI 1 £ = . ^ 2 2^ 

S^. % XHI CH a^JE VDO. I/O HHE(14). ^ VSsOII 2*2J g^SD. CFOI EE(34) 2J Xil 1 £hXF ft! HI 2 
I/O HUE (14) ^ VSsOII ^ v S^SEF. EF0IEE(34)^ Vss 2F I/O HUE (14)^011 ^XH6F^ Sg* 

aa ai^f o.5 i§ cm a wb seaisie^ a^aa. °^J X ^§, 1/0 nHEd4)&oii exhsi^ 
as eii^B vss sef a:>iu fgsm. 

i/o =?sd\ a s( 10)21 ^ se, o) §^ i/o gsf. s (2) §2^1 as es. 2F a est 
01 ^lai :>i^§j ^ sia. §a:?i ^a si ^i^g se& ejxii eus aibs^qi oigs^ ui as. 

(1) VDD2F 5XIEI* gJS! (2)vSss2F 2^6fe SXIEIS ^.^ SS, (3) VDD2F a@mfe Li I 

3FEI^ SJ^ ( 4 ) vss£[ 5^6Ffe LiPFEl^ 2^. 2| Ml 3^ 4^ SIC*. 

§t? s^oii oioiAH, i/o ^pe^i sj^do)™ s^i e>2i e^ a^i ei2j ^e^i^AH oig^ia. xiich <m 

£ PREDRIVER IN A ft! PREDRIVER IN B 2] fed| ^ EH Oil 21 6H ^3 31^01 tf^SCK I/O ^§^1 

sj^dopF gjsj °}°] tHni^AH oie^c^ , (ctm ^ohah m^m M^xi^Ei(i6)2i m 

ch a^ as M^xi^Ei(22)2i xncH a^oii ss^a. m^m tim.^ aa& xfb:m(2o)s §6foi Egy 

XI^Ei(16)2J XilCH 2 = Oil g^3EF. 01 SOI, PREORIVER I N A ft! PREDRIVER IN B 5¥b ^6F^ m 

^ dt£i a?ion ^>ii M^ixi^Ei^^ ejoiioiMgcHi cc^uh. a^ g^^l VDD ^ a^ g^^l VSS 

I/O HHE(14)0|| S^&CL I/O ^e^l s|M(10)PF &h 2| bili^AH OlgSQ^, PREDRIVER IN A 

^ VDD ^ ^§£ia, PREDRIVER IN B ^ VSs ^ ^SEICK OIS a^ Bil^g I/O HHE(14)B gju) 

4fEHS ^D. oiaia- g^oii. i/o ^^^i sisdo) 2i¥0ii ^^^i a&oi i/o ehe(i4)oi! ssei 

CH . sl^(EA|£JXI aS)Oil 2J6H Wffl^CK 

b^2F ^Ol , I/O ^e^i U^dO)^ 5 i§ 5]gxH 5>^P. 5 a^^^ I/O nHE(14)OII g 

^aC[3 . CilOIXI^ ^6FX| a^CF. XilOi a^ ^ M^XI^Ei(16)2| m S^^ ^IOIM SH(28) §j 
a SH(30) ^^Oil 2I6H ^J^ a^ v ai^^ IdFOICH^ Ol £i ^1 bhOI CH r^te a^ S^^l 

VDD £C[ B a^OI I/O 2HE(14)0|| §21 CO! , M2i XI ^Ei ( 16) D\ a^S aE6tXI a^l §ICK E^, 

z»a^ xFE^i(20)b M^xi^Ei(i6)2j xiicH a^oii bFoicH^ a^oi si^(eai£ixi e^e) 
oil g^sxi e.^i &a. 

ESD 

VDD £f ^^^1 SXIEiM a^ h 

01 3^011 2i Ol AH ( ^ MXIEI^ a^ &il^O| a^ S3i VDD 2.1 &&o[W I/O uHE(14)CHI g^SID. 
B SXIEIH ^J^ a&^ ESD Si^(12)^ o[0\^ I/O EHE(14)^¥Ei2( Oil Li XI S Vss ^ ^MS^I oh CM , 
OIEi§l AIUEIES ^efCK a^ Vss ^2| HFOICH^ D0IEE(26)S ^^A|3PI 

Al^^p. ESD ^J^(12), a^ ggf! Vss, ^ P0IEE(26)fe 3 CHI I/O HHE(14)^^Ei a^ g 

^^i vdd^2| ^a s^b m^^a. 

VSS 2[ S XI El s a^ v 

^ S^Oii £iCH AH , e SXIEIS a^ Bil^g a^ Vss 2F 5.^6^ I/O HHE(14)^ ei^^Q. 

DAI, e SXIEI^ a^^ ESD SJ^(12)^ mo^S I/O EHE(14)^¥Ei2| OliLHXIB Vss ^ ^SMI 

§}EK ESD sj^(12)^ a OH (IF El- I/O IIHE(14)^Ei a^ S2^! vSs ^2] ^a S^M § ^ ^ CK 

VDD £F ^^6F^ LiPFEl" a^ k 

CM ^ I Oil AH , ^ LiPFEIH a^ £ll^^ a^ 6il^ VDD £F ^^6F01 I/O HHE(14)^ g^^QL Oi Ei °! ^ 
LiPIEI^ a^^ Q0IEE(34)S ^^i^E^ bF0IO|^6Fa Ell^' ^^H(24)« 2^ Vss 2F a^ 

VDD OH ^^£l^ll mO. D0|EE(34)£F eil^ M^^(24)^ a^ v S^H VDD^¥Ei I/O HHE( 14) 
^2J ^a S^B S«&D. CFAI, Eil^ M^H(24)^ S^l aj^ I/O =?m^\ a^(10)2| a^ 3i 

HHAie^^F 1 ^ 2i»U, E^ sl\^D\ m ^ 91C\. EEh M^iXI^Ei(32)S a^ 

VDD^¥EH I/O EHE(14)S2] 2XF °l^il SQL OlEitl 2XF S^2J g^OH SiCHAH . a 

9iflHAm^(Efe ^^^(24))^ VDDfi Vss OH . S^E^ ^ g« XI >iEi (32)2j Xil CM a^OH 

&Cf . M£dX|^Ei(32)£f ^^1^ UFO|CH^£ICH , M^XI^Ei (32)B EoW a^ g^?J ODDS ^^Ei I/O EH 
E(14)^ a^^F m^Xl §iQ. 

VSS 2F Z^SF^ UPFEIH a^ v ^J^ 

S S^Oil %LO\M. E LiPFEIH SBS SB Vss 2F aaSKM I/O HHE(14)0II S^SCF. Ol^lOil 

AH, CF01EE(34)^ bFO|CH^£JCH. a^ h g^g! Vss^¥EH2J 01ILHXIS I/O IIHE(14)^ ^M§fCF. 

. ^eHXI^Ei(32)fi S^SFOI a^ Vss£¥Ei I/O EHE(14)^2J 2xF S^F Si>il 9CF. 

OlEHt! 2xF §S S^Oll 2*10] AH , e gj j\ ±e\ (32)2| Xil 01 a^HF Xil 2 a# 2^ St^S bFOICH^ 
£|CH, a^ Vss^^Ei I/O HHE(14)^2| 5] # S^l ij£AI2JCF. E 1 Oil EAI 9 bF2F aoi . a 

^ g^^l Vssfe M^!X|^Ei(32)2i XII01 a^Oil S^SEF. 

£ 2c £ 1011 EAI& ESD £J£(12)2j sJ^EM EAI^CF. m 9 2| EFOI EE (200) 2J XII 1 

&XF SI npn £>^S MB! XI EH (202)2J Xil 1 a^ a^ ^I^B I/O EKE (14) OH S^SEF. 1J£2| 

EF0|EE(200)21 Xil 2 a^S P-§j MOSFET M a XI ± Ei ( 204 ) 2| Xil 1 a^ S ^ CHI S^^IEF. EAI& fe'AI 
Oil Oil 2iCH AH , SJ£2] CF0IEE(200)^ EF^ ^H2| EFOI EE B S^elEF. M SS XI r^Ei (202)2J Xil 2 2# 

a^ ^ xiioi a^8 a& k vss ^ M^xi^Ei(204)2i xii 2 aw a^oii g^scF. ^^xi 
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^P(204)2] HICH POI£E(206)2I HI 1 &J\ ^ a^ v 52?! VDD CHI S^SP. P0I2E(2G6) 

HI HI 2 Ellfb ^2iXI^P(204)S>| tJCHI 3^9P. 

aoi2E(200)si :>h^ poised i/o nHEd4)feroii ^xHSf^ as- aisoi Eai°ioii ch^ 

(5*0.5) ill H& ^3Hf ttH aEA|5UE^ S^SP. TFO ^XFfe AH S CHI °!S8101. »} 

□ aE 1EH2J £!Exll gxflOII tJHxl^ , SAF°h aE §EH2J ¥ S^2§ ^ £ 9 P . 8y*!°£. 

¥ ng om Pi&oii hhxisp. ¥#i£ ^sssoi ssm^u sjchsi E*r a> 
oi2i &¥^oii § ^ 9 p . 

9 2*11 ^astsone ysxipj ^ais 2&mm. ahuoi ch . poio^c a g ^e^oii hizsei 

AH^g 3I^0IP. S °a^8 ^Af°[ 01 §M 3>fe IlPe! 21 ^ Oil ?SIS ^ 2iP. □ P 31*011 24 
CH AH , ^PX a^S «38fe ^2iXI^EK202)2J S XII Oil ^£E£ gggj - oiq. 

ESD SI£(12)S| ^ 3H2] 3^§1 SSmOl 315WI IH^H 4- 2JP: (1) §2^1 

&a(ESD)°i (2) a:>i SbH^^eii^(Eos)2i s?. ^*ie^, esd eos §¥ sp ^e 
a, g# a§! sssxi cm ^^tip. 

ESD 

£ 1 Hf 2^5*01 3!^£! dF£f &0|. ESD sJ^(12)fer ¥ S?, (1) ODDS ^ 5h£ ^ XI El ^ S ^ a£ v . 

» (2) vss aae exieih a^.ouH esd mis&cl « aaH s^oii. 

M21XI^P(204)^ I/O HHE(14)2J a^ v 0[ M gj j\ ±& (204)£| S3II 2^ B||gJO|| CH^f (5*0.5) M^M CH 
^ tm ^U}^ [£H Mg« XI:*: EH (202) Oil ^P>i ESS S3o^| A|*!^P. SAI^, M £i XI ^P (202)^r 
I/O DHE(14)S^E|£| aWM a^ 5^S! Vss^ fl§BO. P0|EE(26)(E Dfe ae* vdd^hi 
Jd^ S^S aS&CK SI 2 3¥0il &OUH, M£H XI ^ij (204)^ SE& I/O HHE( 14)21 aSOl ^^X|^ 

eh (204)21 oj3ii as ai^oii ai^r (5*0.5) m^m ch& &g ^nf^ llh m a xi^ek 202)011 ^p>i a^ 

a S^oPl Al^t^P. SA|^, M^1XI^E^202)^ I/O EHE( 14)^¥Ei °| a^M Vss^ ^ l 
EOS 

EOS S^°l ESD U^(12)°l §^8 ESD 3 ¥01! AH H §^H^ ¥Ah6FP. 01 PI CHI AH ( 

MS! XI ^£-1(204)^ I/O BHH(14)°I aa v O| M gHXI^EH (204)°l XIICH a^ a^(VDD)0|l ±E\ (204)2\ 

&7\\ a^ ai^s cnam chi aar (5*0.5) in ch§i cch m^xi^ei (202)011 e^ix 

a^s §ssf:i ai^^p. 

^&2\ P0I2HM(200)2| PH^ P0I2H 4^ VDD S| g)S^^& S & 52 eilfflHI- ^ 

S02I a^ a moil °J6H I/O HHH(14)^2J il^ 5]gP^fh ^§ a^ A^OISI zFCHI SI6H 

IS^JCI. oi^ 2.^8 VDD ^ a& ^^°| SP 10% ^>1U 10% 3P. 

a ^A| 0j| Oil SiCHAH , VDD ^ 3.3 M^OI^I, mO\ 5I§^^°[ ^ a^B 5.0 M^OIP. CUP AH . 

P0ISH(5. 5-3. 0)/(0. 5)^1- d^l£l2iP. 

ESD 3J£( 12)21 H| 2 Oil Oil 2iCH AH , P0|2S(206)^ ^^£JS[P. ^ §¥011 &OUH . 

^gHXI^E-|(204)^ Pi^ 4^^1 ^ pnp-^ ^^XI^Ei°l mgm ?>^P. 0|g 

M^XI^P(204)PF MSHXI^EI (202)011 i£l^2S 0^ i§of}|| SIPE M ^ XI ± P (202)2| ^¥ ^l& 

a^is ^^ai?i^ mioi>i awa taeha. oiaie- mo\± a^^ ee^ ^§hxi^p(202)s m 

PX^P. as ^Al Oil Oil SiOIAH, PO|£E<206fe XHi.^1 ^ a^i Mi ^ 2iP. 

^^ah a Al Oil (HI SUCH AH , M&iXI ^EH (202)^ ¥ ^H°J £IEfa P-^ 5I&0B ¥lx|Ai^Jo^ Mi ^£§1 

4^ aia. ¥ aiEfgj ^8 x-ii 1 as m 2 aw a^e ssecL p-m ¥ ppsj m mo\o\\ mx\ 
aa. p-§ Pieoii as p-§ xuch a^e a«&a. oiae pi^^sj p»e!S sis^oii 

M^fim^l ^0IA|3|XI SrHAH M|Hi|> 1 Ei(202)H| aX-ll^M §^U13IXI£^ P^l ^ 2IP. £E 

p-i pi&m a^ g^^J vssoii ^^i^o^ s^s^ 5101 ^&i^ioip. oip^ 
^ eh xi >t a (202) 011 ejas^i ^ixisjxi aojof &qk ziuxi mp>i 2^chi hish hi safe d\& 

PHg s^p^ ^ch^p. 

£ 3g E 1011 EAI& 2SS XFB^!(20)°I USEOICK 22^ xFE^I(20)fe p-1 MOSFET 
MgHX|^a(302) ^ n-§ MOSFET ^^XI^P(304)^. 3 X^OI a^ 3HI 01 ^ ( 300 ) « ^blElQ. 

^^XI^Ei(302)2J HICH I/O EH E( 14) Oil S^Cf. ^ ^ XI ^ E^ (304)2] XIICH a^^ a^ 

VDDOil S^^!P. ^^X|^P(302 ^ 304)£| HI 1 a^^ as PREDRIVER IN AS ^a°IP. 

XI^EH(302 % 304)°J HI 2 2# a^B XI ^EH ( 16) °l HICH S^OII S^D. M ^ XI ^E-i (302)£J 
Mx^lfe E& M^XI^P(16)°I « (XI g^BD. 

m^M, a^ ^ioim(3oo)°i n-m i/o hhe(i4)^¥eh lh^ ^(eaisxi m2\£\^ a 

(3.3-Vtn)ES HI&SKfl, OI^IOIIAH Vtn ^ M^i XI r^P (304)SJ gj 5|| SSOID. M^i XI ^EH (304)fe 
VDD£^ §^oh HI 01 dll (^ilSiOl) ^^HXI>iEH(16)°l HI 01 a^E^ eHUItiP. 

E 4fe E 1011 EAIS >iiOI^ SH(28)°I SISEOIP. >IIOIM SH(28)fe p-g MOSFET ^^XI^P(400) 
M ^bl^QK ^^XI>:EH(400)^ HI 1 a^. HI 2 a^ a^. §=' HICH a^B M XI ^P ( 16) S| 

high a^, i/o hhe(14), ^ aa s^gi voo ^^chi s^sp. ^^xi^eh(400)^i enife £§! 

XI^E^(16)2J « 0|| g^BP. 

E 5fe E 1011 EAIS m SH(30)°I aJSEOIP. m SH(30)fe ¥ 3H°J p-g M0SFET(50O ^ 502)» 

?bi&a. m^xi>:e-i(5oo)hi hi 1 an a^. hi 2 aw a^. ii xiicn a^^ aa vdd, m 
^xi>ieh(i6)^ a, ^ i/o hhe(u) ^2ioii s^sp. m gH xi ^ei (502)2j hi 1 aw a^. xii 2 aw 
a^. w nioi a^^ Maxi^Ei(i6)2i a. i/o hhe(i4). » a^ s^si odds 212*011 s^aa. ^ 

axl^EH(500 U 502)2) gHlfe SB M ^ XI ±Ei { 16)S| H Oil g^&P. 



8-4 



SJHil 51111 998-07 1441 



SSfAl, S^XI^EH (500 » 502)^ I/O IIHE(14)£0I! £fl)5fb 3I*J0[ g& gi^J VDD« OK 

(EH egjX|£EI(16)2| US SlthCK . I/O HHE( 14)&0II EIH6^ agf £11*101 £31011 a g} gg 

V0DS 5it OH. ^ 21 XI ^ EH (502)*= §S! XI ^Ei ( 16)21 §3F£! a& 31 ^ Oil H^^^l s!U. 01 

a& M^xi^Ei(i6)£i Eaiei poisem moioi^mxi smi ©p. &ch^. i/o 

HHE(14)&01I gXHSfe aS fillfflOl VDD E£= vSsX^ a«S CLH , M £j Xi ^ Ei (500) b aSfft a o l l^2g 
^ if n 23I& VOD^ ^^CK 



& afsoi ^£ 6i ai oil a aasK« AiAisaxieh s ^o\m ^as Msg □ ea ai w&m d\ 
fes^isr ^ 2ie aoia. gais. s^ne s iss m&s\ ^xi^ei be sehsi aesioi 

aOf. 6fSS btS^EI 3 D|£ SOtOII AfBS S a ^Si ^§ xHEl E^r ^AiOllOII gf^E^ ^ 

§ ^36F0ilAH aE£ B3B 4- 2AQ . 3 3I# SOfOII AFSS SS» BSSPI 

91 ^01 PS CHSIff 4- 2iP. d^AH, » i h §^ §^£?I01I 3SS &g £ BS 

si §aiu g«B sjoiuxi sb ass sssa. 



s^fs 1 

§5131 gja SIg 3^011 «0|AH: 
BXK14); 

POISE ^U(200)E^AH . EhXfOli S^Hfe: HI 1 BXf£[ HI 2 BXHt ^dl6^ *}CHE 6FU2I 

POISES ?bl8fe, POIEE ^MiJ(200); 

XHI 1 aW a^. XII 2 2W a^. « HICH a^S ^blofe ^ gHXI ^EISAI . 3 HI 1 aW a^B POI 
2E ^eaioj x-jj 2 EhXhOil 3 HICH HI 1 a^ gS^Ji 4-26^. &3I M^XI^Ei ; 

» 

3|£i r^XK202)« ^bimffi; 

«3| 3ia 2>^£! ^X^ SEHSI g x|| Oil *HxlS SAt HEH°l XII 1 m& H 

HI 2 ^a g£«S ^blSKH. 

xii 1 ^a s^b ex^oii s^£j3, 

HI 2 ^a g^B Xil 2 2^ S3f!§ ^aShffl, 

SHIfe MgHXI^E-ia HI 2 2W S^CHI S^£lbr 51 M sf^ §2^1 as. 

2 

§231 ^2 Slg al^Oil 21 01 AH: 
o.« BXK14); 

HI 1 S = . HI 2 2^, 3! HICH ?bl5^ MS" XI ^E-i (204)^AH , 3 HI 1 S# 

SJ^ EhXFOll g^£J3, 3 HI01 HI 1 2 2* gS§!i 4^26^. 40| M^] XI ^Ei (204) ; 

HI 1 2^ H^, HI 2 2^ S^. ^ HICH a^S ^?blSfe 3 = a ^XK202)S ^bl5FO^: 

hi 1 a^ a^e ^'^ exfoii 3^33, hi 2 a^ a^B hi 2 a^ g^^e ^as^ 
sa^i ^a Msg si^. 

3 

=?mi\ SI^OII SiCH AH : 
BXK14): 

hi i'a# a^. hi 2 aw a^, ^ wich a^M =?um^ hi 1 mi«xi^p(16)^ah, 3 hm a 
s a^g hi 1 a^ g^t ^asF3. 3 hi 2 a# a^B enoii a^afe. ^^1 hi 1 

MgHXI^Ei(16); 

hi 1 aw a^, hi 2 aw a^, si hioi a^s ^bisft hi 2 ^^xi^eh(22)^ah. 3 hi 1 a 
w a^s hi 2 a^ se^M 4^a8f3 ( 3 hioi a^B hi 1 ej^ dii ^as^, ^^i hi 2 

M^HX|^E-i(22); 

hi 1 aw a^. hi 2 aw a^. k hioi a^g ?bis^ as ^£ M^xi^E-id8)SAH. 3 hm a 
w a^B hi 2 Maxi^EH^i hi 2 aw a^oii s^g^, hi 2 aw a^B bwoii s^sj 
w. 3 hich a^B hi 1 a^ g^^i ^aa^, a^ m^ixi^eh(i8): 

HI 1 e^HXI^E-i£i S XII Oil S^£IOi. B»aS| aflOII S&»01 HI 1 ^^XI^EHS] gjy| 

9\ a?IM SSWfe. V SH(30): 

hi 1 ^^xi^E-isi Hioi a^oii a^aoi. B»6f2i a^ioii sbsicx hi 1 ^^xi^E-isi 

HIO] a^SJ a^lM £E(28): 

HI 1 BXF ^ HI 2 ^Xfe ^b|5^ 32 ^ »B^I(20)SAI. HI 1 BXFfe HI 1 M&iX!^EH2J HICH 
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S^Oil g^EIH, U HI 2 HI 2 gje* dti ^£lo\D\ , H HI 1 EhX^¥EI 3 HI 2 BX*£ 2^ 

£! £§2J Hl§!8^, &3I 22^ x>B3l(20); 

HI 1 £Xf ^ HI 2 BXFM ^dlSfb flli 1 S^(24)£AH , HI 1 ElXtb HI 1 2 S ^£.'6^. Hi 

2 3 life XII 2 2^ SS^l 4*<y8>ffl. ^S(ESD) 33I ee.K)i| HI 1 £ S^S! ^ HI 2 S8J 

AF0I01I SS S^M fflgWfe. #31 @H(24): 

HI 1 BXF ^ XII 2 EhXI-M ^Hlo^ XII 1 CfOI 2E (26)£AH . HI 1 BXFfe XII 1 2°J S^ii ^6J6IH. 
HI 2 B»*r XII 2 a& SSSS 4^6^, &D\ HI 1 D0I2E(26): 

HI 1 &7i Si HI 2 BXFS ^dlsf^ HI 2 aOI2E(34)S/H . XII 1 &»fer &XKHI HI 2 

3»te HI 2 2S ^Ol HI 2 CK)|£E(34); ^ 

esd m^m =?U\®Q\: 

Hl\ ESD fflgfe: 

D0I2E ^^^(200)o^AH , &»CHI S^£|fe HI 1 B»2> HI 2 BX>S ^bloFfe 3 CHE StU°| 

CK)|£E» ?H|ofe. ttOISE ±^(200): 

hi 1 a = , hi 2 an 2^, a! aioi esd ^xi^e-i^ah . n hi 1 an s = g 

^M^JSI HI 2 3XF01I S^£IH. 3 HICH 2=^ HI 1 2^ S^^M 4^6Ffe. £>OI ESD M£H 
XI^Ei; ^ 

3i£S gf = g £XK202)S ^H16FD1 ; 

^}| ^X^ £}QH£| SE^ i*EH£| SHI Oil ¥ixl& ^A|- 2E£ i!EU°l HI 1 ^ g« SJ 

Hi 2 ? HI 6K3i , 

HI 1 mtt EWOII §^£IH. 

HI 2 HI 2 as 33^8 ^61 8K31. 

£>0| = Hli= ESD M£HX|^Ei°l HI 2 S^Oil S^£l^ 6^ ?g:?| U£ . 
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